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(57) ABSTRACT

Described herein are photonic systems and devices including
a optical interface unit disposed on a bottom side of a photo-
nic integrated circuit (PIC) to receive light from an emitter of
the PIC. A top side of the PIC includes a flip-chip interface for
electrically coupling the PIC to an organic substrate via the
top side. An alignment feature corresponding to the emitter is
formed with the emitter to be offset by a predetermined dis-
tance value; because the emitter and the alignment feature are
formed using a shared processing operation, the offset (i.e.,
predetermined distance value) may be precise and consistent
across similarly produced PICs. The PIC comprises a pro-
cessing feature to image the alignment feature from the bot-
tom side (e.g., a hole). A heat spreader layer surrounds the
optical interface unit and is disposed on the bottom side of the
PIC to spread heat from the PIC.

23 Claims, 11 Drawing Sheets
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1
OPTICAL AND THERMAL INTERFACE FOR
PHOTONIC INTEGRATED CIRCUITS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to U.S. Pro-
visional Patent Application entitled “Optical and Thermal
Interface for Photonic Integrated Circuits,” Ser. No. 61/943,
108, filed Feb. 21, 2014, which is hereby incorporated herein
by reference in its entirety.

FIELD

Embodiments generally pertain to optical devices and
more specifically to optical and thermal interfaces for photo-
nic integrated circuits.

BACKGROUND

“Flip-chip” designs provide photonic chips with a dense
and high-speed electrical input/output (I/O) interface, while
also providing photonic chips with enhanced heat dissipation.
Some optical I/O interfaces for photonic chips, however, are
not compatible with flip-chip packaging as these optical I/O
interfaces are at the top or edge of the chip. Some solutions
utilize an output lens formed from the substrate of a photonic
chip, but these solutions greatly increase the thickness of the
substrate, and therefore the size of the photonic chip.

BRIEF DESCRIPTION OF THE DRAWINGS

The following description includes discussions of figures
having illustrations given by way of example of implementa-
tions and embodiments of the subject matter disclosed herein.
The drawings should be understood by way of example, and
not by way of limitation. As used herein, references to one or
more “embodiments” are to be understood as describing a
particular feature, structure, or characteristic included in at
least one implementation of the disclosure. Thus, phrases
such as “in one embodiment” or “in an alternate embodi-
ment” appearing herein describe various embodiments and
implementations of the disclosure, and do not necessarily all
refer to the same embodiment. However, such phrases are
also not necessarily mutually exclusive.

FIG. 1A-FIG. 1D are illustrations of components of a
device or system including a photonic integrated circuit
(PIC), according to an embodiment of the disclosure.

FIG. 2A and FIG. 2B illustrate PICs with alignment fea-
tures for PIC light emitters according to embodiments of the
disclosure.

FIG. 3 illustrates a PIC with alignment features for a PIC
light emitter according to an embodiment of the disclosure.

FIG. 4A is an illustration of a device layer according to an
embodiment of the disclosure.

FIG. 4B is an illustration of a PIC package including align-
ment features for an external connector according to an
embodiment of the disclosure.

FIG. 5 is an illustration of a PIC with alignment features for
an optical coupler structure according to an embodiment of
the disclosure.

FIG. 6 is a flow chart for creating and utilizing alignment
features to align a lens unit to an optical input/output (/O)
interface of a PIC according to an embodiment of the disclo-
sure.

Descriptions of certain details and implementations follow,
including a description of the figures, which may depict some
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2

or all of the embodiments described below, as well as a
description of other potential embodiments or implementa-
tions of the concepts presented herein. An overview of
embodiments is provided below, followed by a more detailed
description with reference to the drawings.

DESCRIPTION

Embodiments of the disclosure describe optical and ther-
mal interfaces for photonic integrated circuits (PICs).
Throughout this specification, several terms of art are used.
These terms are to take on their ordinary meaning in the art
from which they come, unless specifically defined herein or
unless the context of their use would clearly suggest other-
wise. In the following description, numerous specific details
are set forth to provide a thorough understanding of the
embodiments. One skilled in the relevant art will recognize,
however, that the techniques described herein can be prac-
ticed without one or more of the specific details, or with other
methods, components, materials, etc. In other instances, well-
known structures, materials, or operations are not shown or
described in detail to avoid obscuring certain aspects of the
disclosure.

FIG. 1A-FIG. 1D are illustrations of components of a
device or system including a PIC according to an embodiment
of the disclosure. FIG. 1A illustrates some components of a
device or system, including a PIC 100 and one or more elec-
tronic components 110 disposed on an organic substrate 120.
The PIC 100 may be formed of any semiconductor material
suitable for photonic devices and photonic operation, such as
silicon-based materials (e.g., silicon (Si), silicon nitride
(SiN)); non-silicon material such as I1I-V material, magneto-
optic material, or crystal substrate material; or a combination
of'silicon and non-silicon material (alternatively referred to as
“heterogeneous material”). The PIC 100 may include one or
more optical devices controlled and or driven, at least in part,
by control and/or driver circuitry included in the electronic
components 110. The electronic components 110 may
include one or more application specific integrated circuits
(ASICs), and may be formed of any semiconductor material
suitable for electronic devices and electronic operation, such
as Si.

The organic substrate 120 may be formed of any substrate
material suitable for housing interconnections between the
PIC 100 and the electronic components 110, such as
polymide or glass-reinforced epoxy laminate sheets such as
flame retardant-4 (FR-4). The organic substrate 120 may
comprise one or more layers of power planes, ground planes,
through-vias, and/or signal lines that route electrical signals
to and between the PIC 100 and the electronic components
110; said layers may also be included in a printed circuit
board (PCB) substrate coupled to the organic substrate 120.
Other components of the device or system not illustrated may
include interconnection modules, power supplies, etc.

In this embodiment, the PIC 100 comprises a “flip-chip”
design, wherein interconnects 115 (e.g., copper (Cu) pillars, a
ball grid array (BGA) of solder bumps, etc.) are formed on a
top side 101 of the PIC 100 (e.g., during a final substrate
processing step). In order to mount the PIC 100 to the organic
substrate 120, it is “flipped” over so that the top side 101 faces
down and a bottom side 102 faces up, as shown in FIG. 1A.
The PIC 100 is aligned so that the interconnects 115 are
aligned with matching pads on the organic substrate 120. The
flip-chip design of the PIC 100 allows for dense and high-
speed electrical interconnects to be utilized between the PIC
100 and the electronic components 110. Furthermore, the
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flip-chip design of the PIC 100 allows for superior heat dis-
sipation, which is a major limiter of bandwidth density.

Prior art PIC optical input/output (I/0) interfaces at the top
(e.g., the top side 101) or edge of a PIC are not compatible
with flip-chip packaging; thus, optical /O interfaces at the
bottom (e.g., the bottom side 102 of the PIC 100) are to be
utilized for PICs having a flip-chip design. The PIC 100 may
include one or more light emitters to emit light out of the
bottom side 102. FIG. 1B illustrates a lens array 130 disposed
on the bottom side 102 of the PIC 100 to receive light emitted
from these light emitters. These (one or more) light emitters
may be fabricated on the top side 101 of the PIC 100, and thus
light is emitted up through the PIC into the lens array 130.
With this configuration, however, the optical and thermal
interface of the PIC 100 now shares the same surface of the
PIC die (i.e., the bottom side 102). Precise alignment of the
lens array 130 to the light emitters of the PIC 100 may ensure
that light is properly coupled to the lens array with minimal
distortion or loss.

Some prior art solutions include an output lens patterned
on to the back of the wafer; however, the thickness of the PIC
die for these designs is constrained by the optical I/O interface
(i.e., the formed output lens). Thus, this type of prior art
optical I/O interface typically forces the PIC die to be thicker
than a typical substrate to obtain output beam sizes for the
optical I/O interface, due to the high index of refraction of
semiconductor substrates. Prior art solutions that attempt to
use low index substrate materials for a lens create another
problem by preventing heat transport through these materials.

Embodiments of the disclosure utilize an optical I/O inter-
face for the PIC 100 formed on the bottom side 102 (described
in further detail below); this optical I/O interface does not
substantially degrade the thermal path of the PIC 100 and
allows for the thickness of the PIC die to be equal to or less
than the expected wafer thickness of an electronic IC. F1G. 1C
illustrates a heat spreading material 135 disposed on the PIC
100 to surround the lens array 130. In some embodiments, the
heat spreading material 135 comprises a material with a simi-
lar coefficient of thermal expansion (CTE) to the material of
the PIC 100, but with higher thermal conductivity. This
allows the lens array 130 to comprise a material that can be
shaped easily but has poor thermal conductivity, such as
glass. Thus, embodiments can enable a higher performance
optical I/O interface and thermal interface for PICs having a
flip-chip design compared to a solution that uses the same
material for each interface. (Materials that can provide optical
performance and have high thermal conductivity, such as
diamond, can be prohibitively expensive to use).

Embodiments may further provide features for aligning
optical connectors with the optical I/O interface of the PIC
100 and/or the lens array 130. In the illustrated embodiment,
a mechanical element 140 is also placed on the organic sub-
strate 120 and next to the PIC 100 to help align an optical
connector 150 to the lens array 130. In some embodiments,
the PIC 100 may include features to help align external opti-
cal connectors (described in further detail below).

Furthermore, embodiments utilizing an optical 1/O inter-
face for the PIC 100 formed on the bottom side 102 allow for
different configurations of the PIC 100 and the electronic
components 110 on the organic substrate 120. FIG. 1D illus-
trates various configurations for the PIC 100 and at least one
of the electronic components 100. A configuration 190 is
illustrated as having the PIC 100 and the electronic compo-
nents 110 (shown for exemplary purposes as a single ASIC)
disposed on opposing sides of the substrate 120. In order to
mount the PIC 100 to the organic substrate 120, it is “flipped”
over so that the top side 101 faces down and the bottom side
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102 faces up. As shown in this example, the BGA intercon-
nects 115 of the PIC 100 and interconnects 116 for the ASIC
110 are both disposed onto opposing sides of the organic
substrate 120 to communicatively couple the PIC and the
ASIC.

FIG. 1D further illustrates a configuration 195 wherein the
PIC 100 and the ASIC 110 (comprising control and/or driver
circuitry for the PIC 100) are disposed on a same side of the
organic substrate 120. As shown in this illustration, the ASIC
110 is disposed underneath the PIC 100 and communicatively
coupled to the PIC 100 via the interconnects 116 of the ASIC
110; the BGA interconnects 115 of the PIC 100 are disposed
on the organic substrate 120 to communicatively coupled the
PIC 100 to other components of the device or system not
illustrated (e.g., interconnection modules, power supplies,
etc.).

FIG. 2A and FIG. 2B illustrate PICs with alignment fea-
tures for PIC light emitters according to embodiments of the
disclosure. FIG. 2A illustrates a PIC 200 including a PIC
layer 210 including a light emitter 201 and a corresponding
alignment feature 202. The PIC 200 comprises the above
described flip-chip design, wherein the light emitter 201 and
the alignment feature 202 are disposed on atop side 211 of the
PIC, and the top side 211 is flipped such that the PIC layer 210
is coupled to electrical contacts 215 (which are further
coupled to interconnections of an organic substrate). Also
shown are two holes 203 and 204 in the PIC layer 210.

A lens unit 220 is shown as an example of an optical
interface unit to be disposed onto a bottom side 212 of the PIC
layer 210 to function as an optical I/O interface for the PIC by
emitting light received from the light emitter 201. The lens
unit 220 is shown as a single lens (compared to the lens array
130 of FIGS. 1B-1C) for exemplary purposes only; the PIC
200 may utilize a plurality of lenses disposed in a similar
manner. The lens unit 220 may comprise any material, such as
glass, that has an index of refraction that is lower than that of
the substrate of the PIC layer 210, thereby allowing the PIC
emitter beam from the light emitter 201 to expand faster than
it would in the material of the PIC layer 210 (in addition to
most other efficient heat sinking materials). The expansion of
the PIC emitter beam, in part, enables efficient /O coupling.

The alignment feature 202 can comprise any formed or
printed marker or fiducial (e.g., printed crosses or other dis-
tinct visual markers) for use as a point of reference or a
measure in the field of view of an imaging system used to the
place the lens unit 220 on the bottom side 212 of the PIC layer
210 with proper alignment to the light emitter 201. The align-
ment feature 202 may be formed during the same processing
step as the light emitter 201, such that the offset between these
elements is more precise and consistent compared to other
features of the PIC layer 210 that may be used to determine
the location of the light emitter (e.g., the distance of an edge
of'the PIC layer 210 to the light emitter 201, which can vary
from chip to chip, etc.). Because the alignment feature 202
and the light emitter 201 can be formed during the same
processing stage, they both appear on the top side 211 of the
PIC layer 210.

Thus, the process of passively aligning the lens unit 220 to
the light emitter 201 is based, at least in part, on registration
to the emitter on the top side 211. In contrast to active align-
ment, in which a photonic component is electrically powered
to either emit and/or detect light and the optical coupling
components are aligned while the coupling efficiency of the
light is monitored, passive alignment places optical compo-
nents without using the coupling efficiency of light as a
mechanism for optimization. Embodiments of the disclosure
may conduct this passive alignment such that the alignment
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feature 202 can be imaged from the bottom side 212 of the
PIC 200 by removing a portion of the PIC substrate to enable
the alignment feature 202 to be seen (e.g., as shown with the
hole 203), or by using light of a wavelength that is transparent
to the substrate of the PIC; however, using light transparent to
the substrate can affect the contrast of the alignment feature
for the imaging system, and therefore compromise accuracy.
In some embodiments, multiple alignment features may be
used in multiple dimensions with respect to a light emitter—
e.g., inthe X, Y, or Z dimension, to further enable alignment
of tip and tilt of the lens unit 220.

In this embodiment, the holes 203 and 204 may further
provide thermal isolation for one or more components of the
PIC layer 210. For example, for embodiments including a
heat spreading material disposed above the PIC 200 (such as
the heat spreading material 135 of FIG. 1C), the holes 203 and
204 may comprise air and therefore prevent heat from flowing
to the heat spreading material. Thus, the hole 203 provides
both an optical pathway to the alignment feature 202 and (in
some embodiments) thermal isolation for one or more com-
ponents of the PIC 200.

FIG. 2B illustrates an embodiment wherein the lens unit
220 is subsequently surrounded by a heat spreading material
layer 250, which may comprise a material with a similar CTE
to the material of the PIC layer 210 and a higher thermal
conductivity than the material of the PIC layer 210. In this
illustration, the heat spreading material layer 250 is shown to
comprise a hole 251 to include the lens unit 220. In this
embodiment, once the lens unit 220 is proper aligned to the
light emitter 201 based, at least in part, on the alignment
feature 202, a spacer material 255 is deposited to surround the
lens to hold it in place in the heat spreading material layer 250.
The spacer material 255 can comprise metal, silicon, UV-
cured epoxy, or other material to enable heat sinking of the
PIC out through the “top” of the heat spreading material layer
250. As shown in this illustration, the lens unit 220 when
properly aligned allows the PIC emitter beam 260 from the
light emitter 201 to expand faster than it would in the material
of the PIC layer 210 (in addition to most other efficient heat
sinking materials); this expansion of the PIC emitter beam
260, in part, enables efficient [/O coupling to external optical
connectors coupled to the PIC 200.

As discussed above, alignment features may be visible via
the holes 203 and 204 comprising air. In some embodiments,
these holes can provide thermal isolation to components of
the PIC 200 by preventing heat from being transferred out of
the PIC 200 to the heat spreading material layer 250. In other
embodiments, these holes can be filled once they have been
used to align a lens unit to a light emitter of a PIC.

FIG. 3 illustrates a PIC with alignment features for a PIC
light emitter according to an embodiment of the disclosure. In
this embodiment, a PIC 300 includes a light emitter 301 and
an alignment feature 302 included in a PIC layer 310; the PIC
300 comprises the above described flip-chip design, wherein
the light emitter 301 and the alignment feature 302 are dis-
posed on a top side 311 of the PIC layer 310, and the top side
311 is flipped such that the PIC layer 310 is coupled to
electrical contacts 315 (which are further coupled to intercon-
nections of an organic substrate).

In this embodiment, a heat spreading material layer 350 is
disposed on a bottom side 312 of the PIC 300 prior to place-
ment of a lens unit 320. The heat spreading material layer 350
is shown to include a hole 351 having dimensions larger than
the lens unit 320, so that the placement of the lens unit 320
within the heat spreading material layer 350 can be adjusted
based on the alignment feature 302.
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Similarly to the embodiments described above, the align-
ment feature 302 is used during passive alignment of the lens
unit 320 to the light emitter 301 so that light is emitted from
the bottom side 312. The alignment feature 302 is visible
from the bottom side 312 via a hole 303 (which is shown to
extend through the PIC layer 310 and the heat spreading
material layer 350). In this embodiment, once the lens unit
320 has been placed within the heat spreading material layer
350, a spacer material 355 can be deposited to surround the
lens unit 320 to hold it in place and can be deposited in the
hole 303 to allow for heat to transfer from the PIC layer 310
to the heat spreading material layer 350. Thus, the spacer
material 355, when used to fill the hole 303, ensures that no
components on the PIC within proximity of the hole 303 are
thermally isolated (in contrast to an unfilled hole comprising
air).

FIG. 4A is an illustration of a device layer 400 according to
an embodiment of the disclosure. Holes 401-404 may be
formed in at least one of a photonic semiconductor substrate
layer, a heat spreading material layer, etc., using any known
substrate processing removal technique (e.g., etching pro-
cess, etc.).

In this embodiment, the hole 401 comprises a hole for
placing a lens assembly to receive and/or emit light from a
light emitter of a PIC, while the hole 402 may comprise a hole
for viewing an alignment feature used to passively align said
lens assembly to the light emitter, as described above. In this
embodiment, the holes 403 and 404 can be formed to further
align an optical connector (external to the PIC)to the lens and
light emitter. The external optical connector is to comprise
one or more features to “fit” into the holes 403 and 404 with
some tolerance for physical variation of the connector; in
some embodiments, beam expansion from the lens placed
within the PIC may further provide additional tolerance to
potential variations of the connector. The hole 403 is shown to
be of a larger size than the hole 404; the hole 403 can be used
for coarser alignment for an optical connector, while the hole
404 can be used for finer alignment for an optical connector.
In other embodiments, any number and any type of semicon-
ductor processing features can be formed in a PIC substrate to
aid in the passive alignment of external optical connectors to
the PIC.

FIG. 4B is an illustration of PIC package including align-
ment features for an external connector according to an
embodiment of the disclosure. In this embodiment, a PIC 450
having a flip-chip design (and shown to include an exposed
die bottom side 451) is shown to have a flip-chip chip scale
package (fcCSP) with an overmold cap 452 used to protect
the PIC from structural and environmental damage. In this
embodiment, the exposed die bottom side 451 of the PIC 450
can include one or more features for aligning an optical con-
nector 460 to the light emitters of the PIC (or PIC optical
interfaces, such as lens units).

FIG. 5 is an illustration of a PIC with alignment features for
an optical coupler structure according to an embodiment of
the disclosure. In this embodiment, a PIC 500 is illustrated as
including a light emitter 501 and a corresponding alignment
feature 502 formed on a top side 511 of a PIC layer 510; the
PIC 500 comprises the above described flip-chip design,
wherein the light emitter 501 and the alignment feature 502
are disposed on the top side 511 of the PIC, and the top side
511 is flipped such that the PIC layer 510 is coupled to
electrical contacts 515 (which are further coupled to intercon-
nections of an organic substrate). A heat spreading material
layer 520 is also shown to be disposed on the bottom side 512
of'the PIC layer 510.
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In contrast to the embodiments described above, the align-
ment feature 502 is used to align a mechanical structure 530
to the light emitter 501. The mechanical structure 530 is as an
example of an optical interface unit used to passively align a
connector 535 including optical I/O elements to the light
emitter 501 (shown to be one of several light emitters of the
PIC 500 in the top view illustration of the PIC 500). The
alignment feature 502 can be one of a plurality of alignment
features used to align the mechanical structure 530 in any
dimension (e.g., any combination of the X, Y, and Z dimen-
sions), for use as a point of reference or a measure in the field
of view of an imaging system used to place the mechanical
structure 530 on the bottom side 512 of the PIC layer 510 with
proper alignment to the light emitter 501 (and the other light
emitters of the PIC layer 510). Spacer material 525 is used to
secure the mechanical structure 530 in place.

FIG. 6 is a flow chart for a process 600 for creating and
utilizing alignment features to align a lens unit to an optical
1/0O interface of a PIC according to an embodiment of the
disclosure. Flow diagrams as illustrated herein provide
examples of sequences of various process actions. Although
the actions are shown in a particular sequence or order, unless
otherwise specified, the order of the actions can be modified.
Thus, the described and illustrated implementations should
be understood only as examples. The illustrated actions can
be performed in a different order, and some actions can be
performed in parallel. Additionally, one or more actions can
be omitted in various embodiments; thus, not all actions are
required in every implementation. Other process flows are
possible.

In this embodiment, the process 600 includes executing an
operation to form an emitter and a corresponding alignment
feature (or a plurality of alignment features) on a top side of
a PIC (block 602). As discussed above, an emitter and its
corresponding alignment feature can be formed in a same
processing step, thereby creating a consistent, knowable dis-
tance offset. The alignment feature can be anything visible by
an imaging system (e.g., a printed fiducial).

An operation is executed to form a feature to allow the
alignment feature to be imaged from a bottom side of the PIC
(block 604). This feature may comprise a hole etched to (or
within sufficient proximity to) the alignment feature. Light
transparent to the substrate can be utilized in embodiments
where holes are not etched (or not etched completely) to the
alignment feature.

As discussed above, a hole in the PIC comprising an air cap
can thermally isolate optical components of the PIC. In this
embodiment, an operation is executed to form additional
features (e.g., holes) to provide thermal isolation to one or
more components of the PIC (block 606). In other embodi-
ments, any etched holes may be filled with a spacer material
to allow heat to leave the PIC through the (filled) etched holes.

An operation is executed to flip the PIC such that the top
side is coupled to an organic substrate via flip-chip electrical
interconnects (block 608). Thus, the bottom side of the PIC is
the top-facing side of the PIC subsequent to this operation. An
operation to place a lens unit onto the PIC to receive light
from the emitter includes passively aligning the lens unit to
the emitter using the alignment feature (block 610). The
alignment feature is used as a point of reference or a measure
in the field of view of an imaging system, which then places
the lens unit on the PIC with proper alignment to the light
emitter using the knowable distance offset between the emit-
ter and the alignment feature. The alignment feature can thus
be horizontally offset, vertically offset, or offset depthwise
with respect to the light emitter. Furthermore, alignment fea-
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tures may be used to ensure proper tilt of the lens unit to the
emitter, or for any other positioning of the lens unit.

In this embodiment, an operation is executed to dispose a
heat spreading material layer on the PIC and around the lens
unit (block 612). In other embodiments, a heat spreading
material layer may be disposed on the PIC prior to placement
of the lens unit (i.e. the heat spreading material layer is to
comprise a hole for the lens unit to be placed within). An
operation is executed for form features and/or structures (or
place previously formed structures) to align an external opti-
cal connector to the lens unit (block 614). Features (e.g., holes
corresponding to physical elements of the optical connector)
can be included in the PIC and/or the heat spreading material
layer disposed on the bottom side of the PIC to passively align
the external optical connector. Structures can also be placed
adjacent to the PIC to passively align the external optical
connector.

Reference throughout the foregoing specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment
of'the present disclosure. Thus, appearances of the phrases “in
one embodiment” or “in an embodiment” in various places
throughout the specification are not necessarily all referring
to the same embodiment. Furthermore, the particular fea-
tures, structures, or characteristics can be combined in any
suitable manner in one or more embodiments. In addition, it
is to be appreciated that the figures provided are for explana-
tion purposes to persons ordinarily skilled in the art and that
the drawings are not necessarily drawn to scale. It is to be
understood that the various regions, layers, and structures
represented in the figures can vary in size and dimensions.

The above described embodiments can comprise silicon on
insulator (SOI) or silicon-based (e.g., silicon nitride (SiN))
devices, or can comprise devices formed from both silicon
and a non-silicon material. Said non-silicon material (alter-
natively referred to as “heterogeneous material”) can com-
prise one of I[I1-V material, magneto-optic material, or crystal
substrate material.

II1-V semiconductors have elements that are found in
group III and group V of the periodic table (e.g., Indium
Gallium Arsenide Phosphide (InGaAsP), Gallium Indium
Arsenide Nitride (GalnAsN)). The carrier dispersion effects
of I1I-V-based materials can be significantly higher than in
silicon-based materials, as electron speed in III-V semicon-
ductors is much faster than that in silicon semiconductors. In
addition, ITI-V materials have a direct bandgap which enables
efficient creation of light from electrical pumping. Thus,
II-V semiconductor materials enable photonic operations
with an increased efficiency over silicon for both generating
light and modulating the refractive index of light.

Thus, III-V semiconductor materials enable photonic
operation with an increased efficiency at generating light
from electricity and converting light back into electricity. The
low optical loss and high quality oxides of silicon are thus
combined with the electro-optic efficiency of III-V semicon-
ductors in heterogeneous optical devices; in some embodi-
ments, said heterogeneous devices utilize low-loss heteroge-
neous optical waveguide transitions between the devices’
heterogeneous and silicon-only waveguides.

Magneto-optic materials allow heterogeneous PICs to
operate based on the magneto-optic (MO) effect. Such
devices can utilize the Faraday effect, in which the magnetic
field associated with an electrical signal modulates an optical
beam, offering high bandwidth modulation, and rotates the
electric field of the optical mode, enabling optical isolators.
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Said magneto-optic materials can comprise, for example,
materials such as iron, cobalt, or yttrium iron garnet (YIG).

Crystal substrate materials provide heterogeneous PICs
with a high electro-mechanical coupling, linear electro optic
coefficient, low transmission loss, and stable physical and
chemical properties. Said crystal substrate materials can
comprise, for example, lithium niobate (LiNbO,) or lithium
tantalate (LiTaO;).

In the foregoing detailed description, the method and appa-
ratus of the present subject matter have been described with
reference to specific exemplary embodiments thereof. It will,
however, be evident that various modifications and changes
can be made thereto without departing from the broader spirit
and scope of the present inventive subject matter. The present
specification and figures are accordingly to be regarded as
illustrative rather than restrictive.

Some embodiments describe an apparatus comprising an
optical interface unit, a photonic integrated circuit (PIC),
including a bottom side, wherein the optical interface unit is
disposed on the bottom side, a top side including a flip-chip
interface for electrically coupling the PIC to an organic sub-
strate via the top side, an emitter to emit light through the PIC
out of the bottom side to the optical interface unit, and an
alignment feature corresponding to the emitter and formed
with the emitter to be offset by a predetermined distance
value, wherein the PIC comprises a processing feature to
image the alignment feature from the bottom side, and a heat
spreader layer surrounding the optical interface unit and dis-
posed on the bottom side of the PIC to spread heat from the
PIC.

In some embodiments, the processing feature of the PIC
comprises a hole etched to provide a line of sight to the
alignment feature via the bottom side of the PIC. In some
embodiments, the hole comprises an air gap and is further
aligned with one or more components of the PIC to provide
thermal isolation to the one or more components. In some
embodiments, the apparatus further comprises a spacer mate-
rial to fill the hole of the PIC. In some embodiments, the
spacer material is further disposed in a hole of the heat
spreader layer including the optical interface unit to secure
the optical interface unit within the heat spreader layer.

In some embodiments, the apparatus further comprises a
structure for aligning an optical connector to the optical inter-
face unit. In some embodiments, the structure for aligning the
optical connector to the optical interface unit is separate from
the heat spreader layer, the PIC, and the optical interface unit.
In some embodiments, the structure comprises recessed pro-
cessing features included in the heat spreader layer corre-
sponding to one or more features of the optical connector. In
some embodiments, the structure comprises recessed pro-
cessing features included in the optical interface unit corre-
sponding to one or more features of the optical connector.

In some embodiments, the offset between the emitter and
the corresponding alignment feature comprises at least one of
ahorizontal offset, a vertical offset, or a depth offset. In some
embodiments, the optical interface unit comprises a structure
for passively aligning an optical input/output (1/O) interface
of an external connector to the emitter of the PIC. In some
embodiments, the optical interface unit comprises a lens unit,
such as a single lens or a lens array.

In some embodiments, the apparatus further comprises an
electrical integrated circuit (IC) including control or driver
circuity for one or more devices of the PIC and an electrical
input/output (I/O) interface, and an organic substrate. Insome
embodiments, the organic substrate is to communicatively
couple the PIC and the electrical IC, wherein the electrical I/O
interface of the electrical IC and the flip-chip interface of the

30

40

45

50

55

60

10

PIC are disposed on opposing sides of the organic substrate.
In some embodiments, the electrical IC is disposed under-
neath the PIC, and the electrical I/O interface is disposed onto
the PIC to communicatively coupled the electrical I/C to the
PIC.

Some embodiments describe a method comprising form-
ing an emitter and a corresponding alignment feature on a top
side of a photonic integrated circuit (PIC) to be offset by a
predetermined distance value, wherein the alignment feature
can be imaged from a bottom side of the PIC, coupling the top
side of the PIC to an organic substrate via flip-chip intercon-
nects, passively aligning an optical interface unit to the emit-
ter using the alignment feature to place the optical interface
unit on the bottom side of the PIC, and disposing a heat
spreading material layer on the PIC, the optical interface unit
included in the heat spreading material layer.

In some embodiments, the method further comprises etch-
ing a hole on the bottom side of the PIC such that the align-
ment feature is viewable via the hole. In some embodiments,
the method further comprises etching an additional one or
more holes on the bottom side of the PIC to thermally isolate
one or more optical components of the PIC. In some embodi-
ments, the method further comprises depositing a spacer
material in the etched hole to surround the optical interface
unit within the hole.

In some embodiments, the method further comprises form-
ing one or more features in the heat spreading material layer
to correspond to an external optical connector. In some
embodiments, the method further comprises forming one or
more features in the optical interface to correspond to an
external optical connector. In some embodiments, passively
aligning the optical interface unit to the emitter using the
alignment feature includes at least one of a horizontal adjust-
ment to a placement of the optical interface unit, a vertical
adjustment to the placement of the optical interface unit, a
depth adjustment to the placement of the optical interface
unit, or a tilt adjustment to the optical interface unit.

The invention claimed is:

1. An apparatus comprising:

an optical interface unit;

a photonic integrated circuit (PIC), including:

a bottom side, wherein the optical interface unit is dis-
posed on the bottom side;

a top side including a flip-chip interface for electrically
coupling the PIC to an organic substrate via the top
side;

an emitter to emit light through the PIC out of the bottom
side to the optical interface unit; and

an alignment feature corresponding to the emitter and
formed with the emitter to be offset by a predeter-
mined distance value, wherein the PIC comprises a
processing feature to image the alignment feature
from the bottom side; and

a heat spreader layer surrounding the optical interface unit

and disposed on the bottom side of the PIC to spread heat

from the PIC.

2. The apparatus of claim 1, wherein the processing feature
of'the PIC comprises a hole etched to provide a line of sight to
the alignment feature via the bottom side of the PIC.

3. The apparatus of claim 2, wherein the hole comprises an
air gap and is further aligned with one or more components of
the PIC to provide thermal isolation to the one or more com-
ponents.

4. The apparatus of claim 2, further comprising:

a spacer material to fill the hole of the PIC.

5. The apparatus of claim 4, wherein the spacer material is
further disposed in a hole of the heat spreader layer including
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the optical interface unit to secure the optical interface unit
within the heat spreader layer.

6. The apparatus of claim 1, further comprising:

a structure for aligning an optical connector to the optical

interface unit.

7. The apparatus of claim 6, wherein the structure for
aligning the optical connector to the optical interface unit is
separate from the heat spreader layer, the PIC, and the optical
interface unit.

8. The apparatus of claim 6, wherein the structure com-
prises recessed processing features included in the heat
spreader layer corresponding to one or more features of the
optical connector.

9. The apparatus of claim 6, wherein the structure com-
prises recessed processing features included in the optical
interface unit corresponding to one or more features of the
optical connector.

10. The apparatus of claim 1, wherein the offset between
the emitter and the corresponding alignment feature com-
prises at least one of a horizontal offset, a vertical offset, or a
depth offset.

11. The apparatus of claim 1, wherein the optical interface
unit comprises a structure for passively aligning an optical
input/output (I/O) interface of an external connector to the
emitter of the PIC.

12. The apparatus of claim 1, wherein the optical interface
unit comprises a lens unit.

13. The apparatus of claim 12, wherein the lens unit com-
prises a lens array.

14. The apparatus of claim 1, further comprising:

an electrical integrated circuit (IC) including control or

driver circuity for one or more devices of the PIC and an
electrical input/output (I/O) interface; and

an organic substrate.

15. The apparatus of claim 14, wherein the organic sub-
strate is to communicatively couple the PIC and the electrical
IC, wherein the electrical I/O interface ofthe electrical IC and
the flip-chip interface of the PIC are disposed on opposing
sides of the organic substrate.
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16. The apparatus of claim 14, wherein the electrical IC is
disposed underneath the PIC, and the electrical I/O interface
is disposed onto the PIC to communicatively coupled the
electrical I/C to the PIC.

17. A method comprising:

forming an emitter and a corresponding alignment feature

on a top side of a photonic integrated circuit (PIC) to be
offset by a predetermined distance value, wherein the
alignment feature can be imaged from a bottom side of
the PIC;

coupling the top side of the PIC to an organic substrate via

flip-chip interconnects;

passively aligning an optical interface unit to the emitter

using the alignment feature to place the optical interface
unit on the bottom side of the PIC; and

disposing a heat spreading material layer on the PIC, the

optical interface unit included in the heat spreading
material layer.

18. The method of claim 17, further comprising:

etching a hole on the bottom side of the PIC such that the

alignment feature is viewable via the hole.

19. The method of claim 18, further comprising:

etching an additional one or more holes on the bottom side

of the PIC to thermally isolate one or more optical com-
ponents of the PIC.

20. The method of claim 18, further comprising:

depositing a spacer material in the etched hole to surround

the optical interface unit within the hole.

21. The method of claim 17, further comprising:

forming one or more features in the heat spreading material

layer to correspond to an external optical connector.

22. The method of claim 17, further comprising:

forming one or more features in the optical interface to

correspond to an external optical connector.

23. The method of claim 17, wherein passively aligning the
optical interface unit to the emitter using the alignment fea-
ture includes at least one of a horizontal adjustment to a
placement of the optical interface unit, a vertical adjustment
to the placement of the optical interface unit, a depth adjust-
ment to the placement of the optical interface unit, or a tilt
adjustment to the optical interface unit.

#* #* #* #* #*



